Introduction: Emergency nurses often encounter patients with nasogastric tube (NGT) dislodgements who require reinsertion. Empirical evidence supporting the use of ultrasonography in verifying the position of NGT in local accident and emergency departments (AED) is scanty. There is also a lack of validation of nurse performed ultrasonography in Hong Kong. With the support from hospitals and medical personnel, a prospective, single group diagnostic test study was conducted to review the possibility of nurse performed ultrasonography in verifying the position of NGT in AED. Methods: This study was conducted in the AED of three local hospitals. Investigators with specific ultrasound training performed ultrasonography scans to the subjects in addition to conventional pH test and "whoosh" test. Results were compared with chest or abdominal X-ray for evaluation of accuracies. Results: This study confirmed a high sensitivity and specificity of nurse performed ultrasonography in confirming the position of NGT in the AED. The high positive predictive value and positive likelihood ratio supported the confirmation of NGT position by bedside ultrasound. The high specificities and minimal negative likelihood ratios of ultrasonography tests also suggested the application of bedside ultrasound in ruling out patients with misplaced NGTs. Conclusions: Nurse performed ultrasonography allows immediate bedside confirmation of the position of NGT in the overcrowded AED. Considered the limitations of conventional methods, nurse performed ultrasonography can be incorporated into daily practice for providing extra evidence for the confirmation of NGT position. (Hong
Introduction
Gastric placement verification of the nasogastric tube (NGT) is a common task for nurses in Accident & Emergency department (AED). Such a procedure is essential after NGT insertion, before each feeding and whenever malposition of NGT is suspected. Insertion of NGT is a common procedure in AED. 1 Patients sometimes present with NGT dislodgement and require reinsertion. 2 To ensure the correct position of NGT is critical because complications resulted from misplacement can be serious and life threatening. 3 Misplacement of the gastric tube into the pulmonary system can result in respiratory distress or death. 4 According to the Hospital Authority guideline of gastric placement verification of NGT, radiological determination is regarded as the gold standard. 5 Conventionally, nurses perform pH test of the gastric aspirate and auscultation test ("Whoosh" Test) to confirm the placement of the NGT. However, there are limitations for using the conventional methods.
Using pH test in verifying the gastric placement of NGT is limited by its low sensitivity. 5 When the gastric content is obtained from the patient who is taking acid-lowering medication such as H2 blockers or has recent food ingestion, inaccuracy of the test finding may be resulted. 6 Furthermore, if the patient is alkali poisoned, the pH test may show a false negative result. 7 Sometimes, it may be difficult or even not possible to obtain gastric content via the NGT (dry aspirate) for pH test. One of the study findings revealed 10 out of 47 (21.3%) patients whose gastric content were not able to be aspirated. 7 Therefore, pH test as a single method in verifying the gastric placement of NGT is still under debate.
Auscultation of the air insufflated sound over epigastrium when air is injected via the NGT ("whoosh" test) may serve as reference only in verifying the gastric placement of NGT, such a method does not have sufficient specificity. 5 When air is injected in a small-bore NGT, it may not allow sufficient passage of the air and peristalsis may be mistaken as insufflated air sound, the air-bubbling sound produced in the pleura, lung or esophagus may be transmitted below to the diaphragm being misinterpreted. 8 Especially in AED, such a noisy working environment that sounds generated from the incorrect placement of the NGT might be misinterpreted as sounds associated with the correct placement of the NGT. 7 A case was reported that auscultation over the abdomen for air insufflated via the NG tube showing a positive result but the NG tube was actually placed into patient's left pleural space. 9 It is not surprising to know that, airway insertion can produce a gurgling sound being perceived over the epigastric region leading to a false positive result. 7 It is stated that auscultation as a single method is not reliable and not recommended in verifying the gastric tube placement. 4 However, many nurses still rely on auscultation to verify NGT placement. 10 Although radiological determination is regarded as the gold standard for verifying gastric placement of NGT, it is not practical to use X-ray routinely before each NGT feeding as it increases patients' exposure to radiation. Furthermore, the procedure may be probably prolonged as radiologists are required to perform radiography control. 11 Additional transporting manpower is required for either transporting the patient to the X-ray department or sending the portable X-ray to bedside leading to delayed feeding. 12 It is worth to find another cost-effective method to assist NGT placement verification. Related studies conducted overseas in emergency centre, ICU and prehospital settings suggested that the utilisation of ultrasonography in NGT placement verification is NGT AED NGT NGT Keywords: Evidence based nursing, gastrointestinal intubation, Hong Kong; nurse's role, outcome assessment warranted with empirical evidence. 7, 8, 13 Despite the fact that ultrasonography is an operator-dependent skill while training and experiences are essential in acquisition and interpretation of the image, 7,14 the use of ultrasonography allows immediate and noninvasive bedside evaluation of the NGT placement. Patients can be benefited from early resumption of NGT feeding and early disposal while exposure to radiation, risks and discomfort during transport can also be minimised. 11 Moreover, resources for patient transfer and radiography examination can be reserved for other patients in order to reduce the stress to the over-crowed AED and X-ray department. 7 In foreign countries, there are studies of nurses perform ultrasonography in emergency units with encouraging findings, e.g. focused abdominal sonography for trauma (FAST) scan, identification of the simulated long bone fracture and difficult intravenous access with the use of ultrasonography performed by nurses. [15] [16] [17] However in Hong Kong, there is a lack of validation of nurse performed ultrasonography with scanty data supporting the use of ultrasonography in confirming the position of NGT in local AEDs. Therefore, this study was designed to find out the feasibility of nurse performed ultrasonography in confirming the position of NGT in the emergency department.
Methods

Study design
This study was a quantitative, prospective, crosssectional single group diagnostic test study. This study would choose a single blinded approach. Only the investigators were blinded from the position of NGTs. We adopted "PICO" to design our research.
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Participants
Patients recruited in this study must be more than 18 years old and required chest or abdominal X-ray. Besides, they attended the AED with an NGT already inserted or required NGT reinsertion. Subjects were recruited by consecutive convenience sampling from Queen Elizabeth Hospital (QEH), Yan Chai Hospital (YCH) and Tseung Kwan O Hospital (TKOH). Investigators recruited subjects from respective AEDs when they were on duty. Patients or their legal guardians must be able to understand Chinese or English as written consent was required. However, patients with unstable haemodynamic status or medical history of aortic aneurysm, nasopharyngeal carcinoma, and basal skull fracture would be excluded from this study. Moreover, patients with tracheostomy, surgical problems of pharynx, larynx, trachea, esophagus and stomach, and pregnancy were also excluded.
Test methods
Interventions of this study included bedside ultrasound and conventional tests performed by investigators with specific training and practice. The ultrasound scan consisted of three parts: neck scan, epigastric scan and air injection test. 7 Linear probe (10 MHz) and convex probe (5 MHz) were used for neck and epigastric scan respectively. Transverse and longitudinal neck scan were performed over the neck region. The NGT was considered to be positioned within the cervical esophagus if hyperechoic lines were observed in the oesophageal region ( Figure 1 ). For the epigastric scan, the NGT was visualised with the appearance of acoustic shadow through transversal and longitudinal scans of the fundus and the antrum of stomach ( Figure 2 ). In addition, 40 ml of air were injected through the NGT and the NGT was considered to be positioned inside the stomach if dynamic "hyperechoic" fogging or colour doppler "fogging" were observed ( Figure 3 ). "Whoosh" test was performed by auscultation over the epigastrium while injecting 10 to 20 ml of air into the NGT with a 50 ml syringe. The gastric pH analysis was performed by dropping a fluid sample that was aspirated from the NGT onto a litmus strip. The pH reading was recorded based on colour-coded reference values, and the NGT was considered to be inside the stomach if pH value was less than or equals to 5.5. Radiological confirmation was regarded as the gold standard for confirming the NGT position. 5 Besides, it was the only comparator of this study. Either chest or abdominal X-ray was interpreted by a physician who was not involved in the consultation process. Dichotomous results either positive or negative of "whoosh" test, pH tests of aspirates, X-ray evaluation and ultrasonography tests were obtained.
Comparisons between results of different interventions and X-ray were made to reveal the accuracies.
Outcomes of this study included sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratios of nurse performed ultrasonography and other conventional methods for NGT placement confirmation.
Sample size estimation
The formula for sample size estimation was adopted with reference from Journal of Biomedical Informatics. 19 is the pre-determined value of specificity. The value 0.67 was taken reference from a previous study carried out in an emergency department of South Korea. 7 For a level of significance of 0.05, the constant is inserted by 1.96 and d is the maximum marginal error of estimate. 19 The value 0.07 is pre-determined by clinical judgement of investigators. In this study, the target number of samples was 173 subjects. 
Ultrasound training
Training was provided to investigators with reference to the ultrasound training pathway for emergency physicians suggested by Hong Kong College of Emergency Medicine in 2010. 20 An ultrasound workshop with lecture and practical sections was conducted on the 23rd of January, 2015. A lecture with contents covered the basic information of bedside ultrasound and specific information related to the use of bedside ultrasound in confirming NGT position was delivered by an associate consultant of the QEH AED, who was invited to be the speaker and trainer of the workshop ( Figure 4A ). The scanning technique of investigators were assessed and evaluated by the trainer during the practical section ( Figure 4B ). In addition, investigators were required to obtain a minimum of five positive scans in line with the data collection process while the scanning technique was assessed and evaluated by medical personnel with previous ultrasound followed by the pH test of aspirates and the "whoosh" test according to the standard of practice issued by the Hospital Authority. 5 Results were documented as "positive" or "negative" in the data collection form. X-ray images and ultrasound findings were reviewed by the medical personnel not involved in the medical consultation. The NGT was removed and reinserted if X-ray revealed the incorrect position of the NGT ( Figure 5 ).
Data analysis
Statistical analyses were performed using the software Statistical Package for the Social Sciences (SPSS) ver. 16. For descriptive statistics, both mean and standard deviations were used to summarise the continuous variables while nominal variables were reported in terms of percentage. Inferential statistics including the calculation of sensitivity, specificity, positive predictive value, negative predictive values, and likelihood ratios were used to assess the diagnostic ability of the interventions with the confidence interval (CI) of 95%.
The study was approved by the Research Ethics Committees of the Kowloon Central, Kowloon East, and Kowloon West Cluster. Written informed consents were obtained from patients before data collection. If NGT: nasogastric tube the patient was mentally incompetent to sign, consent would be obtained from the legal guardian of the patient. The study was on voluntary basis. Recruited subjects had the right to withdraw at any point. Standard treatments of patients were respected and disturbances were minimised during the study. Anonymity and confidentiality of patients were protected throughout the study. Contact details of investigators were given to recruited subject in case of enquiry.
Results
A total of 72 patients were included in the study with a male / female ratio of 27 / 45 and a mean age of 85 years old (Table 1) . Forty-two patients were recruited from QEH while 17 and 13 patients were recruited from YCH and TKOH respectively. Thirteen patients (18.1%) attended the AED because of NGT dislodgement; while the others attended for other medical problems.
NGTs were confirmed to be in the stomach of 69 patients (95.8%) by either chest or abdominal X-ray, while NGTs were found to be coiled inside the buccal cavity of the remaining 3 patients (4.2%). There were no episodes of misplacement into the bronchial tubes. 
Discussion
In recent years, the use of ultrasound gained its commonplace in everyday nursing practice. In other countries, nurse performed ultrasonography was already adopted in the emergency setting for example FAST scan, detection of long bone fractures and intravenous cannulations. [15] [16] [17] This study confirms the possibility of using bedside ultrasound in confirming the position of NGT by emergency nurses to ensure patient safety, especially before NGT feedings or after reinsertion of dislodged NGT. Bedside ultrasonography is a fast, convenient and noninvasive diagnostic technique. In addition to the reduction of radiation exposure and discomfort during patient transfer, it also provides a more rapid evaluation of the NGT position when compared with conventional radiography. 11 In real situations, the noisy environment of the emergency department limited the accuracy of auscultation test in verifying NGT position. 9 Besides, gurgling sounds over the epigastrium may also be heard in cases of bronchial insertion. 7 Despite the mentioned The use of ultrasonography reduces the need of chest X-rays and identifies incorrect placement of the NGT.
Findings of this study confirm a high sensitivity and specificity of using bedside ultrasound in confirming the position of NGTs by emergency nurses with specific training and practice. The high positive predictive value and positive likelihood ratio further support the "rule in" ability of nurse performed ultrasonography. Moreover, the high specificities and minimal negative likelihood ratios of ultrasonography tests achieved in this study also suggested the application of bedside ultrasound in identifying patients with misplaced NGTs. However, considered a relatively low negative predictive value of bedside ultrasound, nurses should remain cautious if bedside ultrasound failed to provide positive results. To ensure patient safety, radiography tests are still required to confirm the position of NGTs.
This study yields a relatively lower accuracy of using abdominal ultrasound in direct visualisation of NGT. Considered the fact that a majority of the study population was mentally incapable patients with history of medical and surgical problems, gas interposition and involuntary movements of the patient were considered as major factors limited the accuracy of the abdominal ultrasound scan.
The remarkable performance of bedside ultrasound achieved by nurses in this study supports the feasibility of the employed training methodology in view of providing ultrasound training for nurses in the future. Considered bedside ultrasound is an operator dependent method while possible inter-observer variation may affect the accuracy of the scan; interrater reliability studies such as Cohen's kappa analysis are required to validate the degree of concordance of this safe and convenient method.
Limitations
One major limitation of this study is the limited study period. The sample size of this study was only 72 subjects while the target number of 173 subjects was not achieved. Apart from temporal factor, the limited sample size might also be attributed to the consecutive convenience sampling method of this study. A number of eligible subjects were not included because of the absence of investigators. Besides, some eligible subjects were brought to the AED by ambulance without the presence of any legal guardians; therefore informed consents could not be obtained. Another limitation is the scale of the study. The generalisability of research finding might be questionable as this study was conducted in only three local hospitals. Concerning the limitations of the interventions, the operator dependent characteristic of bedside ultrasound might result in variations of skills related to image acquisition and interpretation which could affect the accuracy of the ultrasound scan. Moreover, gas interpositions in the stomach and involuntary movements of subjects might also impose hindrance in image acquisition. Last but not the least, spectrum effect and altered prevalence of the study phenomenon may affect the accuracy of the findings as a majority of the study population was contributed by patients with NGTs already inserted while patients with incorrect NGT position were scanty. In view of the above limitations, larger scale studies with longer study period and more evenly mixed study population should be conducted in the future in order to ensure adequate samples and minimise the spectrum effect. Besides, the intra-rater and inter-rater reliability should be established in future studies to minimise variations occurred during the data collection process. To minimise potential bias resulted from the findings of the conventional tests, it is suggested that investigators only perform ultrasonography tests while the conventional tests should be conducted by other emergency nurses.
Conclusions
Nurse performed ultrasonography allows immediate bedside confirmation of the position of NGT in the emergency department. Apart from the reduction of radiation exposure and promotion of patient safety, bedside ultrasound is also beneficial to the overcrowded e m e r g e n c y d e p a r t m e n t w h e re c o n ve n t i o n a l confirmation methods still possess their own limitations. Nurse performed ultrasonography can be incorporated into daily practice for providing extra evidence for the confirmation of NGT position. However, radiological confirmation is still necessary if ultrasound cannot verify the position of the NGT.
